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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE D'UN 
PUTTS, NOTAMMENT D*UN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUTES INTTIALEMENT 
SOUPLES, ET DURCIS IN SITU 

Upre^te invention cokot 
Docamicent on puits de forage pArolier, an moycn d'un ensemble de troncoos tubulaircs 
-oaptifonm-wMm. fmtialemcatsoupfe^aptei a toe repliecs loogilttdiiutenqtf 

5 I'cfret d'une pressioo interne pour prendre une fotme cylindrique, et enfin a €tre 
rigic5fices jp ria pv polymenaation de tear parot, rencombrement transversal d*une 
pretorme repliee e^ant de dimension maximak sensiblement infeneure I son diametre 
interne a Vim deptfe, et iesdites preTormes poss6dant une portion d'extremitf dont le 
diametre - apres depKanent - est legeremcnt supericur a eclui de la preTormc, cc qui 

10 pennet lew jonction boot-a-bout par embotlemenu avec reccaivrement de ladite portion 
d'extrfete. 

Ainsi, en recourant a ce type de preTorrae. qui est coanue en soi 
- notanunenC par le document WOA-94/21887 - il cat possible d'obtenir un chemisage 
d*un diametre constant sur toute la longueur du puits. 
15 Acet egardL U convtent de rappeler qu'avec des chernisages (ou tubages) 

tnkfittonneU constitue* par des nines en acter> on est oblig6 d'utiliser des troncoos 
nibulaires tdeacopiottes^diamet^ 

des prodemes d'instalration et d'oqrfoitatioo utterieure du puts. 

L'objectif de Kinventioo est de proposer un proc&tt de forage et de 
20 chemisage du puits, a I'aide dc preTonnes do type meauonne* ci-dessus, qui puisse toe 
mis en ocuvrc de maniere simple et rapi de, a table cout 

Pbor ceia. et confonnCment a rinventioo. on commence par mcttre en 
place un premier uonc^ 
troncpo eUant loumee vers tebas. 
25 U proceed adon invention oomprend tea flapes suivantcs : 

a) on fait passer analement, de haut en bas, a travers ledit troocpn. un 
ouul de forage, et on fore au -dessous et dam le proloogemeo t dc cc troncpn un trou de 
fcxmeetcfe profondcur adaptto pew recevoir le troncon sudvant ; 

b) on retire Tonal de forage ; 

30 c) on introduit une preTonne, a I'tat replie*. a 1'inteneur du puits en La 

faisant traverser le tronccn deja en place, et on la posnonne coovenablcrnent a l*int£rieur 
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du trou, sa portion d'cittrfmitf haute venant se placer a rintencur de U portioo dcx- 
tre^ttelargiedutroncon ; 

d) oa ratrodirit uo drncnt fluide au food du trou, autour de la portioo 
d*extrenute* basse de la pceTortne ; 
5 c) on incrodmt un fluide sous pressor ce density supencure a La doiail6 

du droenU a rinterieur de U preTormc afm de la deplier radialement, progfesshremeat de 
fat* en haut. en ref oulant le dment, dgalement de las en haul, autour de U preTorme, 
contits la paxoidutrou ; 

0 toot co maimenaot la preTorme sous prewion interne, on co chaufTe U 

10 paroi pour Upotymenacr; 

g) le dmeat ayant pris, et la preTorme ayant durct pour oonstituec un 
troocon tubuiairc rigkfc oe cheraisagt, on retire axiaieinent les outUlages ayant tervi au 
gonflage el a U polymensalionc^ 

b) on reltfcre 1 'operation pour lea troncoos suivants, jusqu'a obtenir la 
15 longueur de putts chemise* aouhahee, 

Lorsque, comme cela sera exptiquc* plus loin, la preTorme pteseate des 
reserves de reane aptes a migrer vers I'exteneur pour former des verroui aanuiaires 
d'ftanchdtc'. le podaonnonent de ces venom est realist au dflxit de I'&ape f d-dessus- 

De maniere particuUercmeni avantageuse, on utilise un outit de forafe dn 

20 genre trepan apie a ocou^ 

premier tot d'eacombnanent minimal, titi pennettant de passer a rinterieur du troocon 
de> en ftax. un second d*ecceanbrc^ 

principale du trou et un troisseme *tat, d'encombrement maximal, pour le forage de la 
partie o^tiou destined recevoir^ 
25 DwauonKxtedcrealtsanon preTcreatidJ'ouullagescrvam 

aUrjolymeiisadonae^ 

i double valve piacee en partie basse de^pre^^ 
nuidecfcgonnagtarinteiieurcteU 

L'iastallation de forage et de cJiemisage, qui fait egalement partie de la 
pftsentcmvennoci, servant iUinis^ 
qu'dle comprend, en tete de pints : 

- une bobiae de stockage et de reception, it 1'etat «iroule\ de ladite 



30 



- une lete surpiombant rcatree du puits, apte a pennettre le guidage et 
35 rmtroduction. dawk puits, dcUe^^ 

du ptnts minvi qu*au gonflage et a la polymensanon de la preTorme ; 
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- des bobines de stockagc a raat enroutt dc tubes meulliques clastique- 
roent deTormablesap<esaf sire descendi* et remooter U^o ootillagcs <tans le puits, Pun 
de ces tubes coatenant on ctblc servant a r alimentation de la prcTorme en courant 
dectrique; 

. on generateur de courant electrique. 

D'antres caractenytique* et avaatages de Pinvenuon apparaftront de la 
description et des dessios annexes qui en represented a simple litre d'exexnples non 
Bmitrtifs ***** de mite en ocuvic preTeyf, ainsi que riastallation cones p ondan t e. 

Surccsdessbs; 

- les figum I n4 st»U des vues schema^ 

1c* differences Stapes de roperatkm de forage de la ps^e depnits qui doit leeevoirU 
pceTonnc « •. 

- la figure 5 est unc rue sctemanoue d'unc pttTonne ct de roouHagedoat 
die est solidaire, avant mise en place, dans Ic puits ; 

- les figures 6 et 7 son! des vues paxtiellcs de i'extrfmite* basse de la 
preTonne, desUnees a illustrer le princtpe de la double valve dont est pourvue U tete 
d'ooultage; 

- les figures 8 1 15 iUustrent les diff femes e^ demise en pUced'une 
preTocme auboutd'un none™ d£ja en place ; 

- la figure 16 reptesente schemanquemcnt. cn coupe nnale. un paits 

cfaemisdiaywisiroonooa 

-la figure 17 est une vue schematique montrani les different* maten els 

constitutt rs de rinstailatiou. situes en surface (tete de puts) ; 

• les figures 18130 -a ccbelle plus petite - illustrent le fooctiocmement de 
rinstaUanon an count des diflcrentcs etapes dn chem isage. 

La figure 1 tepiesente I'extiemtte* basse d'un putts vertical en cows de 
fotage etde chemisage. Ce pints, incomptetement foie\ comporte un cbenmage deja cn 
place sous forme d*un tube cytindiiquc rigkk2 presentant une portion d'extremit* basse 
20elargie. 

Le diametre D de cede partie20estle , genOTentplttsa^sndqnelcdianietre 
d de la partie prindpale % si bien qu'U est possible d'erobefter les uns dans les autres des 
troncoos 2, avee lecouvrement des parties d'cxtrenuU 20. 

Le troocon de cnemtsage 2 est scene* dans lepuio par uncimentpenphen- 

quc200. 

Nous allons maintenant decrire de quelle maniere va Cue mis en place, a 
l'atde du proc^ de Tinvention, le troncm 
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four cdi. commc illustnf aux figure* 1 4 4> on commence psj focer un 
trou destint k recevoir ce truncon. 

A cet dTel oo utilise un outil de forage 1, du genre trypan, qui a la 
particular! t£ de pouvoir etre rftracU ou dilate radialement. dans trob tela d'encom- 

5 brcmem&f toenis. 

Dans un premier tot. illustrf a la figure 1* l'outil est retract au maximum 
de idle maniere que n plus gmnde dimension inmsvemleaiitorise son libre passaged 
I 'inteneur du tronpoo X axialetoent k travels cdui-cL 

Dans cetetat, sonenoomlwmeiaestdooc^ 
10 De maniere connue, Toutil de focage 1 est fix* k 1'extremit* d'une tige 

mbulsiiel0.qriportekntf«OT^ 

lea organes assunmt son deploiement ou sa eouttsefeoiadiak. 

Comme on le vena plus loin, la tige 10 est montee k I'extremite* d 'un tube 
nrftalliquc apte a etre enrouk sur un timbour recepteur dispose cn surface, en t£te de 
15 putts. 

Dans un second *at de d*ploiement ladfial. illustrl & ta figure 2, U partie 
ooupante 12 de l'outil potsede un diametrc de travail censtbtement egil k D. 

L'outil ayant 6ti desccodu axialanenl dim k puts, a travel k cubage 2 
deja en place, on provoque ce deploiement radial au diametrc D kxaqu'tl est arrived 
20 Ptaerieurdeki»tione^ 

va^sadescentec»iiiiefflustrf 1. 

On t<alt*ainsik focage d^tw 
troooon 2. dacs k prolongement de ceiui*ci t dans k sol S. 

La profoodeur de focage correspond 1 la longueur du troooon que Ton 

25 souhaitcroettre eo place. 

L'outil I poBsede <ks organes de coupe additionnels 11 qui peuvent etre 
deploy** radialemeot a un diametre supeneur a D, afin de pouvoir recevoir la portion 
elargie du troncon k mettre en place* 

Comme illustrt k la figure 3, par reraootee de l'outil sdon P a „ oo realise 
30 airai unaargissementdu trou3 surunecemine hauteur. 

AUfigtre4onad«gneparUreTere^ 
dutrou3. parUieferenoe3i kpaioidesapo^ 
basse du trou. dont k diametre D est le mtae que ediride la partie 3a 
l^pieTcnxie 4 representee 
35 general que cdJe deceit* en detail dans le WO-A-9-V21887 deja cite. 
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Nteunoins, die est ddpourvue dans ft parte basse d'tm organe obturateur 
gocfUbk, du fmit qu'oti a affaire * un trou borgnc ; dc plus, U preTormc 4 possede imc 
portion d'extremit* basse 40 de section elargie, 

Lapcdbnne4estntppoft6eparunetige tubulaire 5 en acier. enroulafaie 
5 sur un tambour de stoefcage situe en surface, et qui permet de la fake descendre i 
rintcrkur du potts, et dc ha foumir les fltndes de cimentarion et de gonflage, ainsique 
reacrgk ekctrique poor la pc4ymerisation dc U prtforme, par rintennMiaire d'un 
dlsposiaTderac©DrdaneiU 

la preTorme et se accordant ca partfe basse deodle<i&iuieiteded»cribiitk)n5L 
10 Ce type deu>dVfereuroiilable est courttnmemd^gnfcdanskniAier 

parkte^az^fXOIl^TimiNO w -enabr^^T."-. 

Gomme cda est dtai t dans le WO- A-94/2 1887 deji cite\ la pref orme est 

obturee k ses extremitcs hsuie ct basse, de maniac ftaacbe, par des m a nch o m arracha- 

bios et/ou deooupabka ca fin d'operation. 
15 La t&te distributrice 51 possedc one double valve 52, 53, actionnabk 

sgecti vement (deptxb la furfacc). 

Comme illustrl aux figures 6 et 7. la valve 52 permet de distribuer un 

fiuidedegonfiaral'intei^ 

distrtiucrimciaicfU 

20 Comme iiluitrf a la figure 8, la pneTorme 4 - qui sc trouvc imtialemeni & 

1 '6m radiakment repac - est desceoduc dans le trou 3 axialanent, du haut vers k bis, a 
travcnktroo9ondechemisa^2d^cnplace. 

Bten cnteadu. pour que cod soil possibk. U est ntassairo qro Ten^ 
biwiKot transversal dekp^ 
25 de^cc.qwcontspond*cduic^ 

Lorsque la pre! orme est rcptiee sur eOe-mtoe,eUcprtsentc one section en 
"IT ou en forme d'escargot - comme illustr* par cxemple aux figures 6A et 6B, 
itsfjecuvement du document WO-A-94/256S5 ; lorsqu'dk est depute cUe presente unc 

sectadtcutaiie. 
30 Upc€fonne4cstpo8itioimecdm 

d'extrfcnit* plus large 40 se trouvc en regard de PAargifsemeat de puits 31 ; to longueur 
du trou 3 est d&crminfe pour que. dans oette position, la portion superieure de la 
preTorme se trouve en regard de l f dargi»emett<20dutubagedejlienpl^ 
OnprocbfeaioRlilnjectta 
35 preformc, via la valve S3 (fitches J, figure 9). 

Le cimeat est choisi pour avoir unc densiuf voisine - voire tegeremeat 
supfaicure - dc edk dc U boue liquide 7 sc trouvant dans le puits. 
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L'arrivecKfedn^taUbasedelapce^^ 

haul 

Comme illustre* a la figure 10, cm precede ornate au goafUge dc la 
preTorme, en injectant un fliride sous presston a rinteneur de ceUe-ci, via la valve 52 
5 (flcchesl). 

II a'agit toil d'un liquide introduit de Vexxtncm (depuis la t&e de puits) 
par le conduit 5 dans la preTorme, soit d'un liqukie (eau, booc ou peTrole) present dans le 
puis et pompe* dans la preTorme. 

Le liqulde de gonflage est avantageusemeot cnoisi pour avoir une densite* 
10 le^efemeotiupcYieufta^ 

gocJUge va ae faire progressivemcnt du baa vers te haut, comme symbolise* par les 
flecnciG aU figure 10. 

A deTsut, la progression du gonflage du bas vers le haut peul toe contrOlee 
ea prevoyant, le long de la preTorme, une sene de bagues de contention frangiUes, dont 
15 leaeuilde rupture est adapts ace sens de progression. 

Le ciment est par consequent refoule* egaleraent de bas en haut centre la 
paroi du puits, comme symbolise* par la Heche H . tandis que la boue 7 se trouve chasse* 
vers lc haut 

De preT6rencc le volume de ciment penphenque n'est pas suflisant pour 
20 attetndreUpartic haute deUpftTccm^ liaison sans ciment dans 

la zone de jonction entre les portions dVxtrtmite* des deux troucoos 2 et 4 (voir figure 

11). 

I>pteTeiexic*,UpreTcra 
chaud, prise en sandwich entre une peau internum et une peau cxterieurc clastiqucs, et 
25 munie, cote* tnterieur, d'une reserve contenantde la reane apte a migrer vera l'exterieur 
pour former des bourrdets armul aires favorisant 1 'ancrage et reTancbelte" du tubage cootre 
U paroi du putts. 

Une preTorme de ce genre est decrite dans la demand* dc brevet fnmcais 
9406691 depose* lc7 juiUet 1994 par lademandercsse, et dans son extension interna- 
30 tic*aleFCr/FR 9300902. 

Ccs verrous annulaires, rcparus lout le long de la preTorme sonl reTerences 
9 ; de preference 11 est prevu une density plus grande de verrous (e'est-a-dire un 
ecartonent plus fatUe cnlrc les venous) aux oOrtmites haute et basse de la prtTormc, de 
maniere a assurer une bonne ttancb&te* dans la liaison bout-a-bout des diffe"rents 
35 troncon*. 

Le chaulTage et la polymerisation de la preTorme sont realists une (bis le 
gonflage terming, la presslon dc gonflage extant mainterme a rinterieurde la preTorme, 
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A titrc indicatif, U prtssioa interne est de l'ordxt de 15 bars. 

Lc chanflage de la preform e peut sc faire soil ea iniroduisaru un fluidc 
chaud a rinlencur de la preYonne, icit par reaction chimique exothcrmique, soil encore - 
de preference - per effet Joule. au moyeo de resistances electriques (fill cJuiifTants) 
5 diipoeees dam la paroi dc ia prefonne ou i proximity dc ceile-ci, ct aliroemees en courani 
Sectrique depcis la Hie de poiti, via Udgc- - ^CoOed Tubing" -& 

Atitieiadicatif.Utempenmreneoe^ 
dellOal40^etUdurecde ccttc tope eat <^ Tordrcdctix Ibuitbcurc*, 

Lorsque la polymerisation dea venous 9 et de la paroi de prefonne est 
10 tennioee. et que lc cimeat 6 a fait sa prise (fi gore 12). on retire 1'ootiUage 500. SO, 51 
(flecheK, figure 13). 

On iostalle alcxi tin outil de coupe (50 1) a. Pextremit^ du tube 5. et oo 
decoupe le manchoo d'ltanchette' de I 'extremity haute de la prcTorrne (jxriymerisee) 4* 
{figure 14), qu'on anache ensuite. On opere de la meme maaiere pour te rnenchon 
15 iofeneur. 

On obdeotakn un bixicm de ciienu^ 
meat letiibegerriccVfent 2 (voir figure 15). 

L'openrion qui vient d'etre decrite est Wen sor relleree, troucoa apres 
troocort, sf&n d*ob*enir la profondeur de puics chemise* aouhaitee. 
20 Dam un mode de realisation possible de la preT orroe, ceUc-ci a uoc toe 

compoaee a 30ft de reatnc epoxy et k 70* de fibres de vcrre, ceoe ime ayant one 
epeisseur dc Padre de 14min ; lea pcaux interieure et exterieure, en caoutchouc 
gyntraftique, oat respectivement uoc epeisseur de 2mm ct de 6mm envtrocu 

A litre indicatif, la portion principale de la prcTonne 4 possede, a Tdtat 
25 depbe\ un diamctre iutdrieur de I *ordre de 1 40mm ct un diarottre exteneur de Tordre de 
184mm, tandia que la portion elargie 40 possede un diametre inteneur de Pontic de 
188mm et un cfiametrc cxteneur da 1'ordrc de 236mm. 

Les portioaa 30-32 et 31 dupuita oot dea diametre* moyensde Tordre de 
197mm et de 244,5mm, retpecti tvement 
30 LatcogucurdeadiiTdrenlstior^ 

simple titrc indicatif, la longueur d*une preTorme peut toe de l*ordre de 500m. 

La figure 16 repreaente un puits P chemise* par un ensemble de troia 
trofscooa 2A. 2B et 2C about* et dmentes. 

U figure 17 represent scbem^ 
35 qui pennct de mcttre cn oeuvre k proceVW seloa finventioa 

Surcette figure. U t*te de puits, reTerencee 55. est equipec d'une structure 
me^ique (chassis) lOOentourantUttedepuita. 
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Certe structure 100 pone un iojecteur 101 pourvu d*un sabot d'appui 102, 
et servant a supporter et I pousser ks different* materids lorsqu'ils sont descendus dans 
le puits ou retires dc cdui-ci ; die se trouve a Tsplomb dc rentree du puits. 

On a designs par la reference 54 on tambour dc stockade sur lequd est 
cnrodecUprcTonnc;dle est siipporice^un wagonnet 

UreT&ence540de»gneiinsab*^ 

m I 9 entree da puits. 

Let leT&ences 56 et 57 designed daiambounsiirlesqiieteaoitf eamdes 

et stock* rcspecdvement les *^ 

Le tube 560 aert a supporter et a deplacer routil de forage ; le tube 5 
(comxnc deja <fit> tert a supporter la preTonne, a amcner tes flutdes de gonflage et dc 
cifflcaUttOQ a la rjreTorme,* a U cowiectef a une source de course 
pcrfymensation). 

L'electncW est fournie parun generaleur eTectrique 58. 

La reTercnce 59 drogue une cabine de contrite dc 1 'operation. 

De ountere dassique, rentree du puits a forer est inidalcmeat game d'un 

cuvdage 550. 

Le trepan 1 est adapt* a ITauremite* du tube 560, lequd est deroul* du 
tambour rtceptcux 56, support^ et giridC par it uboi 102, puis pouss* par rinjecteur 101 
(voir figure 18), 

On precede dora au forage du trou, dc forme *t*gec 3, destine* a recevoir 
le premier tronoan (figure 19), 

Apres mise en place dc la prtTocme, ciraentanon et mise au rond, et enfin 
polyroeiisation in situ de cette-ci, vUuncortducteurcTcctr^ue580 
oo retire le conduit central (50), le tube 5 auqud tt est attache* s'enroulant sur le tambour 
54 (vide) sur laqudle £ait iniualemcut stockce U preTorroe (figure 20). 

UpreTormesetnxrvcabou^ 

On detail ensuite les connexions nydrauiique et electrique avec la 
preTonne, on tnstdle et on acdle de maniere Aanche autour dc la tete du puits un 
mppardOage de security ad-hoc A, oed par une technique conventwunelk (figure 21). 

A Taide de Toutil de coupe 501, port* par le tube 5, on decoupe les 
mancfaoos d'&ancheite' baut et bas (figure 22). 

L'e^ape suivante consiste a forer la section sui vante, pour obtenir un trou 
*tag£3 prUongeanlle troncoo2(figure23). 

Ensuite, on calibre ks diaraetres et on vcriTic r»ligaanent du troncoo 2 ct 
du trou 3. a Paide d'un instrument approprie* 1000 (figure 24). 

On met en place une nouvdle preTorme (figure 25). 
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On la fait descends dans tepuite t ctoobporitiooaeconYfiwNrmrntdms 
tc trou 3. On la connectc au tube 5, & on precede au gonflage, la cii&Gat&tion, at la 
polymerisation (figure 26). 

On retire le conduit central 50. qu'on remonte et qo'on cnroule tur Ic 
tambour reccpteur 54 (figure* 27ct28>. 

Oniuspcnd r«itilae c«ipc 501 au 
les manchons d 'extremi t£ (figure 29). 

Odobdentainadcuxtroncoiisrigid^ 
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1. Procoie* pour fbftr et cbcmiser un puits. Dotamment un puits de forage 
pteoUer, au moyen d'un ensemble de troncons tubulaires - on prcTonnes - similaires, 
irutialemeni souptes, aptes a toe repliees longitutf nalement sur elles-memes pour toe 
introduces dans Ic puils, pub a toe depliece radialement sous KefTct d'nne press ion 

5 interne pour prendre one forme cylindrique, et coftn k ttre rigidifiecs in si to par poiymen- 
sattoct de leur paroi, rencombremeut tnuuveraal d'one preTorme repliee *tant de 
cu mention auurimale tcaatbtemeni tnfencure a aon dUmetre interne a l'Aat depli£, et 
lesdite* pf*Tormes (4) poeaMant une portion d'extremit* (40) dont lc diametre - epres 
deptiemeni - est legercment supeneur a odui du rcstc de U preT orme, ce qui permet lew 
10 jonction bout-a-bout par embotlemenl avec recouvremcnt de latfite portion d'extremite* 
(40),caracteris£pexlefaitc^ 

('entree du puits, sa portion d'extreraite* elergic (40) tourne* vers le bas, 

a) on fait passer arialemeat, de haul en tats I travers ledit troocoo (2) . un 
outilde forage (l).et on fore au4ee$ous et dans le prolongement de ce uonoon (2) un 

IS tioiiP)defoniiee<depcofondeuradap 

b) on retire Toutilde forage (I); 

c) on introduit una preTorme (4). a Vital replied It I'tnteneur du puits en la 
faiaant traverser le troncpn (2) deja en place, et on la positionne coavcoablement a 
rinterieur du trou (3), sa portion d'extremite* haute veeant se placer * rinterieur de la 

20 portion d'extremite* flargie (40) du tronoon (2) ; 

d) on introduit un ciment fluide (6) au fond du trou (3). aulour de la 
portion d'extremite* basse de la preTorme ; 

e) on introduit un fluide sous pression (8), de densite* superieure a la 
density du ciment (6), a rinterieur de la preTorme (4) afin de la deplier radudement, 

25 progn^vement de bu en haut, en refoulant le ciment. e'galcment de bas en heut, autoor 
de la preTorme, centre la paroi du trou (3); 

0 tout en mainteoant la preTorme sous pression interne, on en cfaaufTe la 
paroi pour la polymemer ; 

g) le ciment ayant pris, et la preTorme ayant durcs pour coostituer un 
30 tropcon tubolaire rigide de cnemiiage (4*). on retire axtalcmcnt lea outillages ayant servi 

au a^mllage et i la |»lymeniBU\m 

h) on rettere Toperadon pour les tronoons siri vants, jusqu'a obtenir la 
longueur de puits eternise* aouhaitee. 

2. Proceed** seton revendication 1, cajactense* par le fait qu'on utilise un 
35 ounloe forage (l)dugeriretre^ 
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il 

radiale, ft savoir un premier ctat d'cscombrcmcnt minimal, lui pcrmettant de passer a 
I 'inlcneur du 1100900 (2) deja en place, tm secood etat, d'eocombecmest intenne<iiai re, 
pour le forage dcUpartieprioctpalc (30) dutrou (3) etuntroisieiiK:c^d'enccmbcem<»t 
maximal, poor Le forage de la partie (3 1 ) du trtxi (3 ) destinec a reccvoir U portion elargie 

5 deUprtfocroe(4). 

3 . ProceVSe* aelon la ravendicatooo 1 ou 2. caractens^ par le fait que todit 
outiliage comprend une fete (51) a double valve (52* 53) ptacec en partie basse de la 
preTorme (4), ct apte a distribuer selecu vemeat un fluide de gonflage (8) a K 'intencur de U 
prtT orme (4) et m dmeat Ruide (7) irexten«irdeoea«i 

10 4 Miwallatioode rotate eic*d 

ixooe^sdonriuiedeireveodicaa 
. tfcedu puits: 

- tme bobine (54) de stoefcage et de recepdon, a V6m cmould, de ladite 

preTorme (4); 

15 - une tftte (101) surplombant r entree (55) du puits, apte a permettre le 

guidage el ('introduction dans le puits de la preTorme (4) et des different* outiliage* 
servant an fonge du puits ainri qu'au gooflage et kUpolyroerianoadelapitTonne; 

-desbobioes (56,S7)destocta^*re^e^ 
elas&juenicnt deTormabks (560, S) aptea a faire desceodre ct temonter lesdits ounHngcs 

20 dans te puits. Tun (5) de ce* tubes coo tenant un dole servant a rdiroentauon de la 
preTorme en oomanl electrique ; 

- on generateur de coorant elcctrique (59). 
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FIG. 16 



FiG.14 



FIG. 15 




501 



+ 
+ 
+ 



+ 



+ 



+ 



+ 



+ 




+ + 



+ + 



+ + 



+ 



+ + 



+ + 



+ + 



+ + 



+ + 




8/12 



2741907 



FIG. 17 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 

57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 
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1 

PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which — after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 
the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
1 0 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
1 0 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
1 5 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1. , 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21 887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 11). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation, is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
110° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 



2741907 



This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 
5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 
entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 
extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 

5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4')> the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
9th day of October 2001. 

Signature, Notary Public 




OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
■5?/' m ui.e tor the State of Texas 
My eon.rni«ion expiree 03-22*2003 



Stamp, Notary Public 
Harris County 
Houston, TX 
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